Reversal of halophilicity in a protein-DNA interaction by limited mutation strategy.
Comparison of the genes of functionally homologous proteins in organisms existing in different environments shows that adaptation is most often accomplished by mutation of an existing protein. However, from such comparisons, the significance of individual residues to the particular environmental adaptation is not generally discernable among the mass of changes that occur over evolutionary time. This can be exemplified by the general transcription factor found in eukaryotes and archaea, the TATA binding protein (TBP). TBP from Pyrococcus woesei is adapted for optimal binding to DNA at high salt and high temperature, with 34% of the amino acids altered in comparison to its nearest known mesophilic counterpart. We demonstrate that the halophilic nature of this protein can be attributed to only three mutations, revealing that the important phenotype of halophilicity could be rapidly acquired in evolutionary time.